ABSTRACT: The importance of freshly produced phytoplankton detritus in the diet of marine meiobenthos in a soft-bottom community was examined in a 14m3 microcosm. Radiolabelled phytodetritus was continuously produced in the water column from January to June by the addition of ^C-bicarbonate. The specific activity of organic carbon in plankton, sediment and meiobenthos was measured during this time. All meiobenthos reached specific activities higher than that of the sediment; recently produced, labelled detritus was more readily assimilated than older sedimentary carbon. However, the proportion of assimilated carbon that was apparently derived from labelled detritus differed greatly between 2 distinct faunal groups found in the top 5mm of sediment. One group, dominated by harpacticoid copepods, reached specific activities identical to that of the phytoplankton. These fauna thus almost exclusively assimilated labelled detritus, and for harpacticoids there was a lag of less than 2mo between detrital deposition and assimilation. The second group included most other meiobenthic taxa and, by late May, still had remarkably low specific activities -from 10 to 30 Oh of phytoplankton values. It appears that most of the organic carbon in the diet of these fauna had been produced prior to January. I suggest that these 2 meiobenthic groupings were segregated by depth in the surface millimeters and that the low specific activity fauna utilized a large, buried reservoir of older detritus.
INTRODUCTION
A recurrent seasonal cycle of meiobenthic and macrobenthic abundance and biomass occurs in the muddy sediments of middle Narragansett Bay, Rhode Island (Grassle et al. 1985 , Rudnick et al. 1985 . Maxima are found in late spring and early summer and minima are reached by early autumn. This seasonal pattern has been attributed primarily to food availability; Rudnick et al. (1985) proposed that in this phytoplankton-based food web (Oviatt & Nixon 1975 , Gearing et al. 1984 , fauna thrived in the spring and early summer on detritus that was derived from winter and spring diatom blooms and had accumulated in the sediment. It was suggested that summer and autumn faunal decreases were associated with the depletion of this stored detritus.
The possibility of seasonal time lags in the assimilation of phytodetritus by benthic fauna is surprising because phytoplankton lack complex structural materi-0 Inter-Research/Printed in F. R. Germany als, such as lignin; assimilation and mineralization of such a 'labile' substrate by benthic bacteria and fauna should be rapid (Tenore et al. 1982) . However, mechanisms which may delay the mineralization of phytodetritus have been proposed. These include the depression of metabolic activity by low temperatures (Pomeroy & Deibel 1986) , by anoxic conditions or by the accumulation of inhibitory metabolic endproducts in subsurface sediments (Howarth & Hobble 1982) , or the formation of more complex and refractory 'geopolymers' from simpler compounds (Rice 1982 , Cronin & Morris 1983 .
Since it is not currently possible to trace the fate of a given parcel of organic matter in the field, it is not known whether sedimentary phytodetritus is indeed seasonally stored in nature, and the phenology of phytodetrital assimilation by benthic fauna has not been studied. However, with the advent of large marine microcosms (Grice & Reeve 1982) , long-term, realistic studies of the fate of radiolabelled detritus are possible. Such a study, where the water column of a large microcosm ( Fig. 1 ) was labelled with 14C-bicarbonate for 6m0, was conducted at the Marine Ecosystems Research Laboratory (MERL). Results pertaining to the carbon budget of the microcosm have been presented in Rudnick & Oviatt (1986) . The major finding of this budget was that a large proportion of the labelled phytoplankton detritus that was deposited on and mixed into the sediment was not immediately mineralized by the benthos. Between January and July, 14.5 g C m 2 of labelled organic carbon, or 15 % of net daytime primary production and roughly 50 % of gross sedimentation, accumulated in the sediment.
In this paper, I shall examine the age of the food resources that were assimilated by meiobenthos in this microcosm study. The in situ production of radiolabelled phytoplankton supplied a temporally marked pool of detritus for benthic consumers. The analysis of faunal specific activity provided a means of assessing the extent to which different fauna assimilated recent, labelled detritus versus older, non-labelled detritus. This approach is qualitatively similar to investigations that compare the stable isotope ratios of fauna and different food sources (Fry & Sherr 1984) , but this study will compare the radioisotope ratios of fauna and pools of organic matter that are from a single (phytoplankton) source, but are of different ages.
METHODS
Details of the design and operation of the radiocarbon study were given in Rudnick & Oviatt (1986) . Briefly, a single addition of 1.6mCi of I4C-bicarbonate
was made to the 13m3 water column of a microcosm ( Fig. 1 ) of the Marine Ecosystems Research Laboratory (MERL) on 6 January 1981. For about 6m0, the production of organic carbon by phytoplankton and the fate of this organic carbon in the water column and sediment was measured. There was no exchange of seawater with Narragansett Bay during this time. The water column of the tank was drained and refilled with bay water on 19 June. Except for the lack of seawater exchange, the microcosm was constructed and maintained in the same way as other MERL microcosms. The tank contained 13 m3 of Narragansett Bay water (about 30 %O salinity) over a 37cm deep sediment tray which was filled with midNarragansett Bay silt-clay sediment using a 0.25m2 USNEL box core (Hunt & Smith 1983) . Maintenance included the control of temperature within 2C0 of Narragansett Bay water, wall cleaning, and water column mixing. This mixing yields particle loads and fluxes similar to those of the bay (Oviatt 1981 , Santschi et al. 1982 . With a water column height of 5m, suspended particles are sufficient to reduce light at the bottom to less than 1 % of surface illumination and thus maintain a heterotrophic community (Oviatt et al. 1986 ). Generally, the microcosms mimic the biological and chemical characteristics of the bay, including pelagic and benthic species composition, primary productivity, pelagic and benthic respiration, and nutrient concentrations and fluxes (Pilson et al. 1980 , Grassle et al. 1981 , Frithsen 1984 , Pilson 1985 . In a previous 8 mo experiment, these characteristics did not differ when microcosms were operated with or without seawater exchange with the bay (Pilson et al. 1980 , Pilson 1985 .
The sediment was sampled 9 times between 6 January and 23 May, using 2 corers (5 cm2 and 10 cm2) as in Frithsen et al. (1983) . Six cores were taken with each corer per sampling time and sliced in depth layers. The smaller cores were used for the analysis of total organic carbon and organic ^C in the bulk sediment. Details of these procedures are given in Rudnick & Oviatt (1986) . Subsamples were taken from the larger cores for these analyses as well, but most of the sediment was used for the analysis of faunal specific activity.
Live meiobenthos (defined as metazoans and foraminiferans that pass through a 500pm mesh and are retained on a 40 pm mesh) were extracted from pooled cores by sieving through 500, 300, 200 and 100pm mesh sieves. Fauna in the 200 and 100um fractions were first concentrated from other particles by centrifuging at 1000 rpm for 3min in a 25% (V/V) solution of Ludox TM (E.I. duPont) in filtered seawater Meiobenthos were sorted to readily recognizable taxonomic groups (e.g. nematodes, turbellarians). The determination of living versus dead foraminiferans was based on the presence of a light brown-green pigment inside the test; in a separate set of samples, all individuals that were clearly pigmented were also brightly stained by rose bengal. Fauna were cleaned of all attached debris, placed in dishes with filtered seawater ( 4 T ) for 12 to 24h to allow for defecation, cleaned again, put on precombusted glass fiber filters, and frozen (-20 OC). Each sample contained about 100 kg C and up to 644 individuals. When possible, triplicate pooled samples were collected.
The specific activity of organic carbon in each sample was measured directly as in Rudnick & Oviatt (1986) . Most samples were prepared for analysis by drying at 60Â° and then fuming with HCl to remove inorganic carbon. Foraminiferans and ostracods, however, were placed in pre-combusted crucibles, soaked in 6N phosphoric acid, dried at 60Â°C and then combusted in the same crucible so that no dissolved organic carbon was lost (Rudnick & Oviatt 1986 ). Samples were oxidized at 950 O C in a stream (1 1 m i n l ) of COz-free oxygen, and the COa that evolved from the samples was measured as it flowed through an Horiba PIR-2000 infrared analyzer. The 14C activity of this C 0 2 was measured by bubbling the effluent gas through phenethylamine in a vigreaux column, which trapped the C07, then rinsing the column with scintillation cocktail, and counting. The precision (mean coefficient of variation for glucose standards) and accuracy (differences with 2 other elemental analyzers) of the total carbon analysis was about 3 %, and ^C recovery from the combustion of standard radiolabelled materials was 97 O/O (see Rudnick & Oviatt 1986 for details).
RESULTS

Specific activity of detrital food sources
The mean specific activity of phytoplankton carbon ranged from 11.2 DPM (kg C ) ' during January to 9.2 DPM (big C)-' during April and May (Rudnick & Oviatt 1986) . These values were derived from estimates of dissolved inorganic carbon specific activity and verified by measurements of organic carbon in suspended particles (Table 2 in Rudnick & Oviatt 1986).
As high specific activity phytodetritus settled onto the sediment surface and mixed with non-labelled particles, the specific activity of the sediment increased (Fig, 2) . This increase was rapid in the top 0.5 cm layer, reaching 0.2 DPM (pg C)"' after 18d. The specific activity of total organic carbon in this layer then remained near 0.2 DPM (pg C ) ' for the duration of the 
Meiobenthic specific activity
Two groups of benthic fauna were distinguished in the top 0.5 cm of sediment on the basis of their organic carbon specific activity (Fig. 3) . By 23 May, one group of fauna reached high specific activities (from 6.2 to 8.9 DPM [ p g C I 1 ) that were similar to those of the phytoplankton; differences were not significant (p >0.05, using both 2-tailed Student's t-test and Mann-Whitney U-test). A second group of fauna had much lower specific activities (from 1.0 to 3.2 DPM [ug C]"'). While these values were significantly (p < 0.01, 2-tailed t and U-tests) higher than that of the surface sediment, they 
I
P h y t o d e t r i t u s s p e c i f i c activity
were still less than 30 % of phytoplankton values in late May. No fauna had values between 3.2 and 6.2 DPM ( n g C ) l and each of the 3 taxa in the low specific activity group that had replicate samples was significantly different (p <0.05, 2-tailed t-tests) from each of the replicated high specific activity taxa (100km nematodes and pooled harpacticoid copepod size fractions). Within the high and the low specific activity groupings, specific activities of the taxa were not significantly different and were independent of body size over a 100-fold size range (Fig. 3) .
Harpacticoid copepods rapidly reached the highest specific activity level of any common benthic fauna (Figs. 2 and 3) . Both the 100 and 200 urn size fractions Bulk sediment s p e c i f i c activity Fig. 3 . Meiobenthic specific activity from the top 5 mm of sediment on 23 May, as a function of individual body size (all bars are ranges, from pooled samples). The specific activity range, for the entire study, of 2 potential benthic food sources, labelled phytoplankton detritus and total organic carbon in the sediment (a mixture of this detritus and unlabelled organic matter), is noted by the stippled areas. Sieve size fraction (mesh in urn) from which meiofauna were extracted is noted parenthetically attained specific activities similar to that of the phytoplankton (about 10 DPM [pg C]-I) within 2 mo of the initial pulse of labelled deposits to the sediment (Fig. 2) . Harpacticoid nauplii reached the same specific activity level by 3 March. Harpacticoid copepods that had a relatively narrow body form (primarily Enhydrosoma spp.) were collected separately from the remaining species, which had a more robust body form (most commonly Microarthridion littorale). In contrast to these more robust species, the narrow bodied species were found to have very low specific activities, with values below 2.8 DPM (kg C)-I (Fig. 2) , Kinorhynchs and turbellarians also had low specific (Fig. 2) .
Meiobenthic specific activity with depth
Nematodes and foraminiferans were the only meiobenthos that were commonly found below the top 0.5cm layer of sediment. Although only enough biomass could be collected on 23 May for a single sample from each layer, faunal specific activity values in each layer's samples were similar (Table 1) . Sediment specific activity was likewise nearly uniform with depth in May. While tissue values were very low in deeper sediment layers, especially for foraminiferans, all these values were higher than sediment values. For subsurface nematodes, the ratio of tissue to sediment specific activity (Table 1) was near the ratio range (32 to 42) of the high specific activity faunal group in the surface sediment layer in May (Fig. 3) . However, deep foraminiferans had extremely low ratios which were below the ratio range (5 to 15) of the low specific activity faunal group in the surface layer.
at the end of May. Thus, preferential assimilation of labelled organic matter, whether via ingestive or digestive processes, occurred. Since much of the organic carbon in the top centimeters of coastal sediments can be several thousand years old (Benoit et al. 1979 ), this finding is not surprising, and confirms a long standing supposition of benthic ecologists (Marshall 1972) .
What is more surprising, and must be cautiously interpreted, is that so many meiobenthic taxa in the top 5 mm, after months of labelled phytodetrital deposition, still had such low specific activities -from 10 to 30 % of phytoplankton values. It seems likely that these fauna had such low values because most (70 to 90 %) of the organic carbon in their diet was derived from organic matter that had been produced prior to January. While these fauna preferentially assimilated radiolabelled organic matter (i.e. they had specific activity values >0.2 DPM [pg C]"' in the surface sediment), this preference was far from exclusive. Furthermore, if this interpretation of food source age is accurate, then the occurrence of 2 distinct specific activity groupings of meiobenthos (Fig. 3) is evidence for the existence of 2 distinct food webs within the top 5 mm of a soft-bottom community, where the age of the detrital food sources of the groups differs.
Assumptions in the interpretation of faunal specific activities DISCUSSION
The finding of high specific activity meiobenthos, such as the harpacticoid copepods, unambiguously reveals the age of their detrital food source. Clearly, these fauna almost exclusively assimilated organic carbon that had been recently produced by phytoplankton. For harpacticoids, 'recently' can be constrainted to a period of about 2 mo since these fauna reached nearly the same specific activity as the phytoplankton by 23 March.
A second finding which can also be unambiguously interpreted is that by 23 May, the specific activity of all fauna, measured to a depth of 6cm in the sediment, exceeded that of the bulk sedimentary carbon (i.e. tissue to sediment ratios were > 1). Clearly, labelled organic matter was more readily assimilated than the older, unlabelled organic matter. (This distinguishes the source of assimilated carbon and not whether nonliving carbon or intermediate, microbial biomass was assimilated.) If recent and older carbon had been qualitatively identical (for both fauna and microbiota), fauna would have derived their tissues' carbon in proportion to its abundance in the sediment -about 2 % from recent, labelled organic carbon and 98 O/O from older, unlabelled organic carbon in the top 0.5 cm layer
The identity of detrital food sources can be accurately inferred from measurements of faunal specific activity if 3 assumptions were valid: (1) the specific activity of an organism's food was constant; (2) an organism fed on this food for a time span that exceeded the replacement (turnover) time of the organism's carbon; (3) the specific activity of an organic carbon molecule was conservative.
The specific activity of an organism's food was a function of the specific activity of the labelled, recent detritus, the relative abundance of these particles as they mixed with non-labelled particles, and the relative digestibility of these 2 particle types. The first assumption was violated because none of these aspects was constant. However, the interpretation of faunal specific activities is not greatly affected for 2 reasons. First, changes in the specific activity of labelled detritus during the study were small, with phytoplankton specific activity dropping from about 11 to 9 DPM (pig C ) ' between January and the end of May (Rudnick & Oviatt 1986 ). Second, the quantity of labelled organic matter in the top 0.5cm of sediment was relatively constant from 30 January to 23 May (Fig. 2) (Fig, 2) and, presumably, increasing rates of body carbon turnover, the availability of labelled food was nearly constant.
The second assumption probably requires the closest scrutiny of these assumptions. If an organism's carbon pool had only been partially replaced during the study, the tissue specific activity would be less than 10 DPM (i.igC)', even if labelled particles of this specific activity were the exclusive food source. It is unlikely that this critical assumption was violated for the surface meiobenthos; because of their small size (<30[^g C each, Fig. 3 ), rapid turnover is expected. Three independent lines of evidence are in support of this expectation. First, some fauna (harpacticnid copepods) exhibited such a rapid turnover, reaching a specific activity asymptote near 10 DPM (wgC)-' by 23March (Fig. 2) , with temperatures below 4'C. Second, laboratory studies of body carbon turnover for invertebrates with SlOOug C (Sorokin 1966 , Lee et al. 1971 , Conover & Francis 1973 , Lampert 1975 , Copping & Lorenzen 1980 have found carbon turnover times of < 6 d at 20Â°C Thus, at least 1 turnover would have occurred during April (mean temperature = ?T), even with a Qio as high as 4. Based on such studies (Wetzel 1976 , Fry & Arnold 1982 , even organisms as large as 105,ug C would be expected to complete a turnover of their body carbon between 23 March and 23 May (for Qlo = 2), Third, new generations of meiobenthic populations are generally observed during the spring (Coull & Bell 1979) and 2-to 10-fold increases in the abundance and biomass of almost all meiobenthic taxa have been measured in the spring (temperatures 5 1O0C) in Narragansett Bay (Rudnick et al. 1985) and the MERL microcosms (Frithsen 1984 , Widbom & Elmgren 1988 .
The last assumption is likely to be true because isotopic fractionation during organic degradation or food web transfers is minimal (about 1 % per transfer; Fry & Sherr 1984). However, a complication that should h e considered is the separation of carbon and energy flow during sulfate reduction (Howarth & Teal 1980) , with the secondary fixation of organic carbon by chemolithnautotrophs in the sediment. Fauna that fed on these bacteria would attain the specific activity of this fixed carbon, which would be determined by the specific activity of dissolved inorganic carbon (DIC) in the pore waters. For near surface fauna (certainly in the top 5mm), the specific activity of pore water DIC was probably similar to that of the water column, since pore water exchange rates were probably rapid. (With lower particle mixing rates than were estimated by Rudnick & Oviatt (1986), Luedtke & Bender (1979) measured a 'biological pumping rate' of O,? cm3 c m 2 d 1 across the sediment-water interface of Narragansett Bay sediments.) Furthermore, most chemolithoautotrnph biomass is expected to be in the top centimeter of sediment since these bacteria are only found near the oxic-anoxic interface (Jergensen 197?) , whichis generally expected to be within the top 5 mm of these (Kelly 1983 ) and other coastal muds (Jergensen & Revsbech 1985) .
Two food webs segregated by depth
Given these assumptions, the occurrence of high and low specific activity faunal groups (Fig.3) appears to reflect the existence of 2 distinct food webs within the upper 5 mm of the microcosm's mud. The age of detrital food sources, delineated by the radiocarbon marker, clearly differed for these 2 faunal groups, Fauna with specific activities that were similar to phytoplankton specific activities predominantly assimilated freshly produced organic matter. Fauna with much lower specific activities predominantly assimilated older, non-labelled organic matter.
The occurrence of 2 distinct faunal groups is probably attributable to differences in feeding behavior, with high specific activity fauna feeding at the sediment-water interface and low specific activity fauna feeding beneath this layer. Whitlatch (1980) has also emphasized the behavioral distinction between surface and subsurface deposit feeding polychaetes. The inclusion of meiobenthos in this study indicates that this distinction occurs across the entire soft-bottom community and that the spatial scale of the feeding separation is only a few millimeters of depth.
In coastal muds, chemical and physical gradients are very steep in the top few millimeters. At the sedimentwater interface, most detritus is in the form of flocculent particles. These particles may b e phytal debris or organic-mineral aggregates that are common to surface sediments and the suspended load of coastal waters (Johnson 1974 , Rhoads et al. 1984 . Their nature and dynamics, however, have not been well documented because they are inadequately sampled by many standard sediment collection techniques (Frithsen et al. 1983) . Beneath the surface flocculent layer, detrital particles are generally in a compacted form within fecal pellets or bulk sediment (Moore 1931 , Young 1971 , Rhoads 1974 and are certainly, on average, of greater age and poorer nutritional quality than surface particles.
The chemical habitat also changes drastically in the top few millimeters, with a transition from oxic surface water to anoxic pore waters (Aller 1982 , Jergensen & Revsbech 1985 . The depletion of molecular oxygen in the top millimeters may b e particularly important, as the high specific activity group included most crustaceans (harpacticoids and ostracods) and few other taxa; crustaceans are generally less tolerant of anoxia than other meiobenthos (Tietjen 1969) , Further evidence for the segregation of faunal groups by depth is the specific activity differences within the harpacticoid and nematode groupings. Harpacticoid copepods with relatively narrow body forms (mostly Enhydrosoma spp.) had low specific activities (Fig. 2) while harpacticoids with a more robust form (mostly Microarthridion littorale) had high specific activities. Narrower forms are better suited for burrowing (Hicks & Coull 1983); Warwick & Gee (1984) found that M. littorale was mostly in the top 1 mm of soft sediment and limited to the top 3mm, while Enhydrosoma was found mostly between 2 and 4mm, but as deep as 13mm. Likewise, the difference in specific activity between size fractions of nematodes probably reflects different feeding depths; nematodes found in the surface flocculent layer are generally smaller than subsurface nematodes (Jensen 1983 ) and the 100um size fraction in the surface 5mm in May had exceptionally small individuals (mean of 0.10 pg C, SD = 0.02, compared to 0.34 pg C, SD = 0.13, in 18 earlier samples).
Ages of detrital food sources
The phytodetritus that was consumed by high specific activity fauna through the end of May was labelled, and therefore less than 5 mo old. For harpacticoids, non-labelled food sources were a minor dietary component within 2 mo of the radiocarbon addition.
Low specific activity fauna consumed a mixture of recently produced, labelled detritus and older, nonlabelled detritus. The age of this latter food source is unknown, but a large portion could have been produced in late December, prior to the radiocarbon addition, when a large diatom bloom yielded a deposit of between 18 and 31 g C m 2 to the sediment (Rudnick & Oviatt 1986 ). However, it is likely that 'old' organic matter (i.e. fixed prior to this diatom bloom) was also assimilated, since low faunal specific activities (1.1 to 3.2 DPM [ p g C I 1 ) in the surface 5mm in May were much lower than the calculated minimum specific activity of 'fresh' detritus (a combination of labelled plus December bloom detritus, yielding 4.9 DPM [pgCI1). This minimum value was calculated assuming that 25 g C m 2 from the December bloom remained on 23 May (a gross overestimate) and was evenly mixed to 10 cm (based on estimated bioturbation rates in Rudnick & Oviatt 1986 ). Since May faunal specific activities were about half of the 'fresh' detritus value, it appears that roughly half of the assimilated organic carbon had been produced prior to late December.
This older carbon was at least as important in the diet of deeper dwelling fauna as for surface fauna. Nematode specific activity below 1 cm (Table 1) was roughly half the estimated specific activity value of buried 'fresh' detritus (about 3 DPM [ p g C ] , calculated as above), while foraminiferans had about 10 % of this value, indicating that they assimilated roughly 90 % 'old' carbon.
While these startling estimates are not quantitatively reliable, they clearly show that a portion of the bulk carbon of coastal muds, which is often termed 'refractory', is not only 'available' carbon but can also be of considerable importance to much of the benthic community. This conclusion is consistent with estimates of the importance of non-living organic matter in the diet of macrobenthic deposit feeders (Cammen 1980 , Lopez & Levinton 1987 and with diagenetic studies in the laboratory (Kelly & Nixon 1984 , Westrich & Berner 1984 , Grant & Hargrave 1987 , which have shown that available organic matter are present in coastal sediments in sufficient quantity to sustain mineralization rates (primarily bacterial) for many months in the absence of particulate inputs, although these rates may decline in an exponential manner (Westrich & Berner 1984) . The results of my study have provided evidence that some organic carbon in bulk sediments are not only available for microbial mineralization for many months, but also that this carbon can flow, in situ, through the entire subsurface food web.
Food resource stability and trophic structure
In both coastal and oceanic ecosystems, the sinking of particles from pelagic to benthic communities has been found to be a seasonally varying phenomenon, with much of the annual organic input derived from winter and spring diatom blooms (Elmgren 1978 , Billet et al. 1983 , Smetacek 1984 , Hargrave & Phillips 1986 . With minimal zooplankton grazing and bacterial activity at this time, most phytodetrital particles settle to the sediment nearly intact (Durbin & Durbin 1981 , Hobbie & Cole 1984 , Smetacek 1984 , Pomeroy & Deibel 1986 ). Generally, with higher temperatures, summer deposits are of lower quantity and quality because of the dominance of primary production by slowly sinking nanoplankton, rapid decomposition within the pelagic food web, and high zooplankton grazing rates (Malone 1980 , Durbin & Durbin 1981 , Smetacek 1984 , Hargrave & Phillips 1986 , Pomeroy & Deibel 1986 .
Given this seasonal cycle of detrital sedimentation, and increasing benthic metabolic demand as temperatures increase in coastal waters (Nixon et al. 1976 , Rudnick & Oviatt 1986 ), the balance of benthic food input and demand may shift seasonally, with winter and spring surpluses and summer deficits. Deficits &ay be particularly acute for those benthos that feed at the sediment-water interface and depend on fresh inputs. Not only are phytodetrital inputs to this thin, flocculent layer temporally variable, b u t t h e residence time of organic matter is short b e c a u s e of t h e layer's small size a n d losses to mineralization a n d burial.
In contrast, t h e food resources of subsurface feeders (probably b e l o w t h e top 1 or 2 m m for meiobenthos) a r e far more stable b e c a u s e they h a v e access to a n d assimilate a portion of t h e buried pool of older organic matter.
As emphasized b y Levinton (1972) a n d supported b y t h e results of this study, t h e temporal vagaries of phytodetrital inputs a r e buffered b y t h e large size of this pool a n d time lags in t h e mineralization of fresh inputs (Rudnick & Oviatt 1986 ). S u c h an external nutritional reserve is particularly important for meiobenthos a n d small macrobenthos w h i c h l a c k l a r g e internal reserves. Indeed, t h e most a b u n d a n t macrobenthos i n Narragansett Bay m u d s a r e small subsurface feeders (Grassle et al. 1985) , s u c h a s Mediomastus ambiseta (averaging 10wg C p e r individual), which h a d a m e a n specific activity of only 1.1 D P M (pg C)-I o n 23 M a y . Although t h e interpretation of this low value is complicated b y this polychaete's 0.5 to 2 c m feeding d e p t h , it is indicative of t h e assimilation of old organic carbon. Given t h e coincidence of surface a n d subsurface feeding assemblages, competition b e t w e e n t h e assemblages m a y exist for phytodetrital deposits; s u bsurface f a u n a would b e negatively affected b y r a p i d mineralization of flocculent particles on t h e sediment surface, while surface f a u n a would suffer b y rapid particle burial a n d compaction. Experimental evidence that s u c h negative interactions occur, a n d c a n b e m o r e important t h a n predation o r physical disturbance, h a s b e e n presented b y Alongi & Tenore (1985) ; additions of a subsurface feeding polychaete decreased surface meiobenthic a b u n d a n c e and additions of an epibenthic harpacticoid copepod decreased polychaete growth.
T h e contrast i n food resource stability w h i c h I h a v e inferred b e t w e e n surface a n d subsurface meiobenthos ( a n d presumably macrobenthos as well) h a s previously b e e n hypothesized to exist b e t w e e n suspension-feeding benthic communities a n d deposit-feeding communities i n horizontal s p a c e (Levinton 1972) a n d also to exist a t a given location with time, as suspension a n d surface deposit feeders dominate early successional stages a n d subsurface feeders dominate m o r e m a t u r e stages (McCall 1977 , Rhoads et al. 1978 . T h e findings of this study support a n d a u g m e n t t h e s e ideas, suggesti n g that s u c h a dichotomy can occur along t h e vertical axis of a single soft-bottom habitat.
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